We study both analytically and numerically phonon transmission Buctuations and localization in partially ordered superlattices with correlations among neighboring layers. In order to generate a sequence of layers with a varying degree of order we employ a model proposed by Hendricks and Teller as well as partially ordered versions of deterministic aperiodic superlattices. By changing a parameter measuring the correlation among adjacent layers, the Hendricks-Teller superlattice exhibits a transition from periodic ordering, with alternating layers, to the phase-separated opposite limit, including many intermediate arrangements and the completely random case. In the partially ordered versions of deterministic superlattices, there is short-range order (among any N consecutive layers) and long-range disorder, as in the ¹tateMarkov chains. The average and fluctuations in the transmission, the backscattering rate, and the localization length in these multilayered systems are calculated based on the superlattice structure factors we derive analytically.
I. INTRODUCTION
For a long time, electronic devices were made of a single semiconductor material. This is no longer the case.
Epitaxy and heterostructures have brought a revolution in device technology by placing different semiconductors, with diff'erent physical properties (dielectric constants, energy gaps, etc. ), within distances of a few nanometers. For example, different lattice sizes in different adjacent semiconductors produce strain in the heteroepitaxy, altering its physical properties. Furthermore, recent developments in the technology for stacking different semiconductors, in order to fabricate multilayered thinfilms, makes possible the realization of various semiconducting superlattices (SL s) with artificially imposed onedimensional (1D) order in the growth direction. Specifically, in addition to the usual periodic stacking of semiconductors, several aperiodic multilayers have been fabricated, including quasicrystalline, Thue-Morse, and random superlattices. Their physical properties have been studied by a variety of experimental probes, including xray and Raman scattering. For a review on these topics, with further references, the reader is referred to Ref. 1. We note that the experimental studies of acoustic wave propagations (of both phonon and ultrasonic regimes) in some of these aperiodic systems have also been done by several groups.
It is the purpose of this work to study systematically the phonon transport properties of superlattices as a function of their structural order. In particular, we study, both analytically and numerically, the transmission fluctuations and localization properties of phonons in two types of partially ordered SL's, which are described in more detail in the next two sections. The first type is based on the Hendricks-Teller (HT) model for layered systems, which has the very convenient feature of having a tunable degree of structural correlation among neighboring layers. In particular, we consider the gradual and systematic transition &om a periodic arrangement of alternating layers to the opposite, phase separated, regime and follow the corresponding changes in the transport properties induced by the changing structural order of the SL. The The analogies and differences with the universal conductance fluctuations for transport in disordered systems and speckle phenomena will also be discussed.
In Secs. II and III, we describe in detail the two families of superlattices considered here. In Sec. IV, the phonon backscattering rate is studied in terms of the structure factors of the SL's, which we derive in closed form. Section V is devoted to the average transmission, transmission fluctuations, and the Lyapunov exponent.
We illustrate in Sec. VI our general results by applying them to several proposed GaAs-AlAs superlattices, for the experimental observation of phonon transmission fluctuations. Section VII presents a summary of our results.
II. HENDRICKS-TELLER SUP ERLATTICES
Consider a SL with two kinds of layers, hereafter de- noted by A and B, occurring with frequencies f& and fa (f~+ fa = 1, f~) fa). To introduce a correlation, consider two adjacent layers and denote by Q~t he probability that layer A is followed by layer A, Q~a the probability that A is followed by B, and so on. The erst layer of the pair is A (B) with probability f& (fa); where 1/4 -f~( q ( 1/4 and q measures the degree of correlation among adjacent layers. Note that for f~= fa = 1/2, q = 0 (i.e., no correlation) corresponds to the completely disordered case. Let P~a = Q~a/f~b e the probability that the second layer of the pair is B if layer A is now introduced as the first layer of the pair. This conditional probability can be defined for any pair of layers (e.g. , Pa~). For convenience, we also introduce P~~~I~~d escribing the conditional probability that the B' layer is generated after the pair of layers AA, and so on.
In the Hendricks-Teller structure, the probability that a layer is present in a certain position depends on 
In the next section, we will present comparisons between our analytical and numerical results for a variety of SL's. It is important to point out that the plots presented below are not "fingerprints" (or speckle patterns) of specific configurations of disorder but averages over many realizations of disorder. The term speckle pattern refers to the complex interference pattern in the transmitted intensity as a function of frequency (or the outgoing direction). Each realization of a random medium (i.e., each sample of the statistical ensemble) displays its own pattern, or fingerprint, which rejects the specific arrangement of the inhomogeneities (e.g. , impurities) in that sample. This phenomenon, called "speckle pattern, " is familiar in optics and it refers to the intensity pattern formed on a screen by light reflected from a rough surface. The detailed study, with experimental predictions, of the phonon spectroscopy analog of these fingerprints will be presented elsewhere.
The expression "universal-transmission fluctuations" (R) ger). This can be seen from Eq. (13) by noting that (cos P -cos 5) = (1 -cos a)(1 -cos 6). Numerically, the resonance frequencies are v& --490 x n GHz and (R) v~"= 582 x n GHz. (R) The dips in (T) are due to constructive interference of backscattered phonons.
In the HT SL's the rainima of (T) are realized at the frequencies v = vñ /2(d~/c~+ d~/cia). holds and a major dip is realized.
We have indicated in Fig. 4(a) Fig. 4(b Fig. 6 Fig. 7 is identical to that in Fig. 3 
